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Abstract
We describe the partial breaking of N = 1 D = 10 supersymmetry down to (1, 0) d = 6
supersymmetry within the non-linear realization approach. The basic Goldstone superfield
associated with this breaking is shown to be the (1, 0) d = 6 hypermultiplet superfield
qia subjected to a non-linear generalization of the standard hypermultiplet superfield
constraint. The dynamical equations implied by this constraint are identified as the
manifestly worldvolume supersymmetric equations of the Type I super 5-brane in D = 10.
We give arguments in favour of existence of the appropriate brane extension of off-shell
hypermultiplet action in harmonic superspace. Some related problems, in particular,
the issue of utilizing other (1, 0) d = 6 supermultiplets as Goldstone ones, are shortly
discussed.
1.Introduction. Spontaneous breakdown of any global symmetry is accompanied by appear-
ance of Goldstone fields. They have quantum numbers of generators of spontaneosly broken
symmetries and, as the most chracteristic feature, are transformed inhomogeneously under the
action of these generators. Namely, their transformations start with a pure shift by the appro-
priate group parameter. A nice geometric meaning of Goldstone fields is revealed within the
non-linear realizations theory [1] - [3]: they can be identified with parameters of the coset G/H
of the spontaneously broken symmetry group G over its unbroken symmetry subgroup H , the
vacuum stability subgroup. When G is realized on the coset manifold G/H by left shifts as
its group of motions, the coset coordinates, Goldstone fields, are transformed non-linearly and
inhomogeneously under the G/H part of symmetries and undergo linear rotations under the
action of the subgroup H . The theory of non-linear realizations give general recipes how to
construct invariant actions of Goldstone fields and their couplings to all other, ”matter” fields.
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A remarkable property of such actions is that any H-invariant action of matter fields can be
made G-invariant by switching on proper couplings to the Goldstone fields. Any model with
a linear realization of spontaneously broken symmetry can be rewritten in terms of the fields
of the corresponding non-linear realization by means of appropriate equivalence redefinitions
of the original fields. The text-book example of theories based on non-linear realizations is
provided by non-linear sigma models of spontaneously broken internal symmetries.
In case of ordinary, bosonic symmetry groups (e.g, the internal symmetry groups) the Gold-
stone fields are obviously bosonic. Spontaneously broken supersymmetry (SUSY) necessarily
requires Goldstone fermions to be present among the parameters of the corresponding cosets
[4]. One more novel feature of the supersymmetry case is extending of the notion of the vac-
uum stability subalgebra: besides the generators yielding homogeneous rotations (e.g. Lorentz
group) it includes also those generators from the coset which have as the associated parameters
the space-time coordinates (e.g, translation generators), or the superspace Grassmann coordi-
nates, if some supersymmetries remain unbroken1. The rest of the coset parameters are treated
as Goldstone fileds (superfields) given on this space-time (superspace). The corresponding
generators are genuine spontaneously broken symmetry generators.
The case when all supersymmetries are spontaneously broken is referred to as the total
spontaneous breaking of SUSY. The corresponding coset manifold is parametrized by the space-
time coordinates and Goldstone fermion fields defined on this space-time. E.g., in the case of
totally spontaneously broken N = 1 d = 4 Poincare´ SUSY [4], the coset parameters are the
Minkowski space coordinates xm and the Goldstinos ψα(x), ψ¯α˙(x).
The case of spontaneous partial breaking of global supersymmetry (PBGS) is tantamount to
the situation when a part of SUSY generators remains unbroken. Then, in the coset approach,
one is led to associate with these generators Grassmann coordinates extending the space-time
to a superspace of the unbroken SUSY and to treat the coset parameters associated with the
genuine spontaneously broken symmetry generators as superfields on this superspace, Goldstone
superfields. E.g., in a generic case of partial breaking of N = 2 d = 4 SUSY down to N = 1 d =
4 SUSY the coset is parametrized by N = 1 superspace coordinates {xm, θα, θ¯α˙} ≡ {XM} and
Goldstone fermionic N = 1 superfields Ψα(X),Ψα˙(X) [5, 6]. The Goldstone fermionic field
comes out as the first component of such a superfield.
The study of partial breaking of N = 2 d = 4 SUSY in the coset space approach in refs. [5]
- [8] revealed a few peculiarities of such theories.
• The treatment of fermionic Goldstone superfields as the basic unconstrained ones does
not lead to a self-consistent theory: the N = 1 Goldstone multiplet includes ghost degrees
of freedom [5]. A way out was proposed in [6]: it consists in considering central charge-
extended N = 2 SUSY with putting the central charge generators into the coset. Then
the basic Goldstone superfields prove to be chiral bosonic N = 1 superfields associated
with the central charge generators. The fermionic Goldstone superfields are expressed
as N = 1 spinor derivatives of the basic ones by imposing some covariant constraints
on the relevant Cartan 1-forms (the so called inverse Higgs effect [9]). Actually, N = 1
chirality of the central charge Goldstone superfields is also one of the consequences of the
inverse Higgs constraints: these superfields are originally introduced as general N = 1
ones. For the basic Goldstone superfields in [6], [8] there was obtained a self-consistent
1It is a generic feature of non-linear realizations of space-time (super)symmetries, i.e. those including the
space-time group of motion (e.g,, Poincare´ group) as a subgroup [2, 3].
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N = 2 invariant action with a non-linearly realized second supersymmetry.
• There exist several inequivalent N = 1 Goldstone supermultiplets related to the partial
breaking N = 2→ N = 1. The Goldstone fermionic field can be embedded into different
N = 1 multiplets: chiral [6], vector [7] and tensor ones [8]. These versions correspond
to different theories. Moreover, it seems that they require to choose different central (or
semi-central) extensions of standard N = 2 SUSY as inputs for a non-linear realization.
• The N = 1 superfield Goldstone actions for all these versions can be treated as gauge-
fixed forms of the world-volume superfield actions of some BPS superbranes, along the
line of refs. [11, 10] (see also, e.g., [12, 13]). The N = 1 chiral Goldstone superfield
action is recognized as that of the Type I super 3-brane in a flat D = 6 background (the
action possesses the whole set of (1, 0) D = 6 SUSY symmetries including the D = 6
Lorentz symmetry; all these symmetries except for the worldvolume N = 1 d = 4 SUSY
are realized non-linearly, in a Goldstone fashion). Even more interestingly, the N = 1
vector Goldstone multiplet action describes a super D3-brane and yields the Born-Infeld
action for the gauge vector field.
• In accord with the general property of non-linear realizations mentioned in the beginning,
one can promote different N = 1 matter actions to N = 2 supersymmetric ones by
coupling the former to Goldstone superfields.
All the actions presented in [6, 7, 8] are nonlinear, ”brane” generalizations of various familiar
off-shell N = 1 superfield actions. On the other hand, there exists a good off-shell description
of theories with linearly realized N = 2 d = 4 SUSY, e.g. in harmonic N = 2 superspace
[14]. Then a natural question arises: whether some of these theories can be promoted to those
with non-linearly realized higher SUSY, say N = 4 SUSY, by constructing the formalism of
partial breaking of this higher SUSY down to N = 2 SUSY and identifying some of well-known
N = 2 superfields as the Goldstone ones accompanying this breakdown 2. Related questions
are as to what kind of superbranes could be associated with such theories, whether a brane
generalization of the harmonic analyticity underlying ordinary N = 2 theories exists, how many
different Goldstone N = 2 multiplets are possible, etc.
In this talk we partly answer some of these questions and make some proposals concern-
ing other ones. We show that the hypermultiplet superfield can be regarded as a Goldstone
superfield. It realizes the partial breaking of N = 1 D = 10 SUSY (amounting to properly
central-charge extended N = 4 SUSY in d = 4 or (1, 1) SUSY in d = 6) down to (1, 0) d = 6
SUSY. Using the coset space techniques, we present the explicit form of non-linear transfor-
mations of hidden symmetries, show that all the superfield coset parameters are covariantly
expressed through the hypermultiplet Goldstone superfield and find a covariant nonlinear gen-
eralization of the standard hypermultiplet constraint in ordinary (1, 0) d = 6 superspace (or the
central-charge extended N = 2 d = 4 superspace)[16]. We argue that the dynamical equation
for the hypermultiplet Goldstone superfield is a gauge-fixed form of the equations of motion of
the Type I super 5-brane in D = 10 with manifest worldvolume (1, 0) d = 6 SUSY. We also
adduce arguments in favour of existence of the relevant brane extension of harmonic analyticity
and the harmonic superspace off-shell hypermultiplet actions [14].
2In a different, supergravity and string context with a linear realization of N = 4 SUSY the partial breaking
N = 4→ N = 2 was discussed in [15].
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2.N = 1, D = 10 Poincare´ superalgebra in the d = 6 notation. Instead of dealing with
N = 4 and N = 2 SUSY in d = 4, we choose as the starting point their higher-dimensional
counterparts, N = 1 D = 10 and (1, 0) d = 6 Poincare´ superalgebras. Our basic reasoning is
the desire to consider most symmetric situation. The d = 4 case can be then reproduced via
dimensional reduction. As we wish to construct a superfield description of partial breaking of
N = 1 D = 10 SUSY down to (1, 0) d = 6 SUSY 3, it is natural to write the full superalgebra
in the d = 6 notation. From the d = 6 viewpoint the N = 1 D = 10 SUSY algebra is a sort
of central-charge extended (1, 1) Poincare´ superalgebra. In the standard spinor notation (see,
e.g. [17] - [20]) it is constituted by the following set of generators
N = 1 D = 10 SUSY ∝
{
Qiα, Pαβ, S
βa, Z ia
}
, (1)
where
α, β = 1, ..., 4 , i = 1, 2 , a = 1, 2
are, respectively, the d = 6 spinor indices and the doublet indices of two commuting auto-
morphism SU(2) groups realized on the Q and S supertranslations generators. The basic
anticommutation relations read{
Qiα, Q
j
β
}
= ǫijPαβ ,
{
Qiα, S
aβ
}
= δβαZ
ia ,
{
Siα, Sbβ
}
= ǫabP αβ . (2)
The d = 6 translation generator4 Pαβ = −Pβα = 12ǫαβρλP ρλ, together with the ”semi-central
charge” generator Z ia, form the D = 10 translation generator.
To the generators (1) one should also add the generators of the D = 10 Lorentz group
SO(1, 9) which in the d = 6 notation are naturally divided into the following set
SO(1, 9) ∝
{
Mαβ γδ, T
ij, T ab, Kαβia
}
. (3)
Here the generators M and T generate mutually commuting d = 6 Lorentz group SO(1, 5) and
the automorphism (or R-symmetry) group SO(4) ∼ SU(2)× SU(2), the generators K belong
to the coset SO(1, 9)/SO(1, 5)× SO(4). The relevant commutation relations are
[Mαβ γδ,Mα′β′ γ′δ′ ] = ǫαβ α′β′Mγδ γ′δ′ − ǫγδα′β′Mαβ γ′δ′ − (α′β ′ ↔ γ′δ′)[
Mαβ γδ, K
ia
α′β′
]
= ǫαβα′β′K
ia
γδ − ǫγδα′β′Kiaαβ ,[
T ij, T kl
]
= ǫikT jl + ǫilT jk + ǫjkT il + ǫjlT ik ,[
T ab, T cd
]
= ǫacT bd + ǫadT bc + ǫbcT ad + ǫbdT
ac
,[
T ij, Kkaαβ
]
= ǫikKjaαβ + ǫ
jkKiaαβ ,
[
T ab, Kicαβ
]
= ǫacKibαβ + ǫ
bcKiaαβ ,[
Kiaαβ, K
jb
γδ
]
= ǫijǫabMαβ γδ +
1
2
ǫαβγδ
(
ǫijT ab + ǫabT ij
)
, (4)
[Mαβ γδ, Pα′β′ ] = ǫαβα′β′Pγδ − ǫγδα′β′Pαβ ,[
Mαβ γδ, Q
i
µ
]
=
1
2
(
ǫαβγµδ
ν
δ + ǫαβµδδ
ν
γ − ǫµβγδδνα − ǫαµγδδνβ
)
Qiν ,
[Mαβ γδ, S
aµ] = −1
2
(
ǫαβγνδ
µ
δ + ǫαβνδδ
µ
γ − ǫνβγδδµα − ǫανγδδµβ
)
Saν ,
3We could equally choose (0, 1) d = 6 SUSY subalgebra as the unbroken one.
4We use the following notation Aαβ = 1
2
ǫαβγδAγδ , ǫαβγδǫ
αβγδ = 24 , V i = ǫijVj , ǫikǫ
kj = δji .
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[
T ij, Qkα
]
= ǫikQjα + ǫ
jkQiα ,
[
T ab, Scα
]
= ǫacSbα + ǫbcSaα ,[
T ij, Zka
]
= ǫikZja + ǫjkZ ia ,
[
T ab, Z ic
]
= ǫacZ ib + ǫbcZ ia ,[
Pαβ, K
ia
γδ
]
= ǫαβγδZ
ia ,
[
Qiα, K
ja
βγ
]
= ǫijǫαβγδS
aδ[
Saα, Kibβγ
]
= ǫab
(
δαβQ
i
γ − δαγQiβ
)
,
[
Z ia, Kjbαβ
]
= ǫijǫabPαβ . (5)
3. Coset space and transformations. We are going to construct a non-linear realization of
N = 1 D = 10 SUSY (together with the D = 10 Lorentz group), such that (1, 0) d = 6 SUSY
remains unbroken. So, following the generic coset approach prescriptions, we are led to choose
the vacuum stability subgroup to be
H ∝
{
Qiα, Pαβ, T
(ij), T (ab),Mαβ γδ
}
. (6)
We included into H the maximal subgroup of SO(1, 9) with respect to which the algebra
of Qiα, Pαβ is closed, namely H˜ = SO(4) × SO(1, 5) ∝
{
Mαβ γδ, T
(ij), T (ab)
}
. This subgroup
will produce purely homogeneous rotations of all involved objects and it is the genuine linear
subgroup from the standpoint of the coset manifolds approach. Then we put the generators
Qiα, Pαβ into the coset and associate with them as the coset parameters the coordinates of
(1, 0) d = 6 superspace
Qiα ⇒ θαi , Pαβ ⇒ xαβ . (7)
The remaining coset generators, Sαa, Z ia, Kiaαβ, correspond to genuine spontaneously broken
symmetries and the corresponding coset parameters are Goldstone superfields on the (1, 0)
d = 6 superspace {xαβ, θαi }
Sαa ⇒ Ψαa(x, θ) , Z ia ⇒ qia(x, θ) , Kiaαβ ⇒ Λαβia (x, θ) . (8)
As the next step, one should choose the appropriate parametrization of the element g of the
coset space G/H˜ where G is the full supergroup of N = 1 D = 10 SUSY, including the D = 10
Lorentz group. We use the exponential parametrization
g = ex
αβPαβeθ
α
i
QiαeqiaZ
ia
eΨaαS
aα
eΛ
αβ
ia
Kia
αβ . (9)
Acting on (9) from the left by different elements of G with constant parameters, one can
determine the transformation properties of the coset coordinates and superfields.
Unbroken supersymmetry (g0 = exp (a
αβPαβ + η
α
i Q
i
α)):
δxαβ = aαβ +
1
4
(
ηiαθβi − ηiβθαi
)
, δθαi = η
α
i . (10)
Broken supersymmetry (g0 = exp (ηaαS
aα)):
δxαβ =
1
4
ǫαβγδηaγΨaδ, δqia = −ηaαθαi , δΨaα = ηaα . (11)
Broken Z-translations (g0 = exp(ciaZ
ia)):
δqia = cia (12)
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Broken K transformations (g0 = exp (r
αβ
ia K
ia
αβ)):
δxαβ = −riaαβqia − raγβi θiαΨaγ +
1
2
ǫαβµνriaµγΨaν ,
δθαi = 2r
bαβ
i Ψbβ ,
δqia = −2rαβia xαβ + rjaαβθαi θβj − rbαβi ΨbαΨaβ ,
δΨaα = 2r
i
aαβθ
β
i , δΛ
αβ
ia = r
αβ
ia + . . . . (13)
As was already mentioned, the subgroup H˜ = SO(1, 5)× SO(4) is realized as rotations of
the SO(1, 5) spinor and SU(2) doublet indices.
We see that theN = 1 D = 10 supergroup as a whole admits a realization on the coordinates
of (1, 0) d = 6 superspace and Goldstone superfields ”living” on this superspace. It is easy to
check that the closure of the above infinitesimal transformations is just the N = 1 D = 10
superalgebra presented in the previous Section.
4. Cartan forms. Next and important step of the coset approach is the construction of the
Cartan 1-forms which are used to define covariants of given non-linear realization. They are
defined by the generic formula
g−1dg = ΩQ + ΩP + ΩZ + ΩS + ΩK + ΩH˜ , (14)
with
ΩZ ≡ ΩiaZ Zia =
(ch √ϕ)ia
jb
dqˆjb +
(
sh
√
ϕ√
ϕ
)ia
jb
2Λjbµνdxˆµν
Zia
ΩP ≡ ΩαβP Pαβ =
(ch √φ)αβ
µν
dxˆµν +
(
sh
√
φ√
φ
)αβ
µν
Λµνia dqˆ
ia
Pαβ
ΩQ ≡ −ΩiαQ Qiα =
− (ch √v)iα
jβ
dθjβ −
(
sh
√
ϕ√
ϕ
)iα
jγ
2ΛjaβγdΨaβ
Qiα
ΩS ≡ ΩSaβ Saβ =
(ch √ω)bγ
aβ
dΨbγ −
(
sh
√
ω√
ω
)bγ
aβ
2Λibαγdθ
iα
Saβ . (15)
Here
dxˆαβ = dxαβ − 1
4
θiαdθβi +
1
4
θiβdθαi −
1
4
ǫαβµνΨaµdΨaν
dqˆia = dqia +Ψaαdθ
α
i , (16)
ϕiajb ≡ 2ΛiaµνΛjbµν , φµναβ ≡ 2ΛiaαβΛiaµν ,
viαjβ ≡ −4ΛibγαΛjbβγ , ωbβaα ≡ −4ΛiaγαΛibβγ . (17)
We do not give the explicit expressions for the coset Lorentz form ΩK = (dΛ
αβ
ia + ...)K
ia
αβ and the
inhomogeneosly transforming form ΩH˜ on the stability subgroup as they are of no immediate
relevance for our further discussion.
5. Inverse Higgs constraints and dynamical equation. By construction, the forms
(15) are covariant under all transformations of G realized as left shifts of g. They merely
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undergo some induced H˜ rotations in their spinor and SU(2) indices (these rotations are field-
dependent in the case of the G/H˜-transformations). This fact allows us to apply the inverse
Higgs procedure to eliminate all Goldstone superfields in favour of qia(x, θ). Indeed, we observe
that Ψαa and Λ
αβ
kb appear inside the form ΩZ linearly as coefficients of the coordinate differentials
dθβi and dx
αβ , respectively. The Goldstone superfield Λ linearly appears also in the form ΩS .
Thus these superfields are covariantly expressible in terms of θ- and x-derivatives of qia(x, θ).
The natural covariant constraint making this job is as follows
ΩZ = 0 . (18)
It is easy to find that this constraint amounts to the following set of equations
∂µνqia =
1
2
(
δρµδ
σ
ν − δσµδρν −
1
2
ǫρσαβΨbα∂µνΨbβ
)
Λ˜iaρσ ≡ Eρσµν Λ˜iaρσ, (19)
Djβqia − δjiΨaβ =
1
4
Λ˜iaµνǫ
µναγΨbαDjβΨbγ , (20)
where
Λ˜iaµν ≡ −2
(
th
√
ϕ√
ϕ
)ia
jb
Λjbµν (21)
and Djβ is the ordinary flat (1, 0) d = 6 spinor derivative
Djβ =
∂
∂θβj
− 1
2
θjα∂αβ , {Diα,Dkβ} = ǫik∂αβ . (22)
It is easy to directly check covariance of this system under, say, the nonlinear supersymmetry
transformations (11). Let us point out that there is actually no need to explicitly check the
covariance as it directly stems from the manifest covariance of the constraint (18).
Looking at the equations (19), (20) we observe that the first equation and the trace part of
the second one are indeed purely algebraic nonlinear relations allowing to trade Λ˜ and Ψ for
the x- and θ-derivatives of qia
Λ˜iaρσ = (E
−1)µνρσ ∂µνqia , (23)
Ψaβ =
1
2
∇kβ qka , (24)
where
∇kβ ≡ Dkβ −
1
4
(E−1)µνρλ ǫ
ρλαγ(ΨbαDkβΨbγ) ∂µν = Dkβ −
1
4
ǫµναγ(Ψbα∇kβΨbγ) ∂µν (25)
(for the time being, we are not aware of the full expression of Ψbα through q
ia, only a few first
terms in the iteration solution of (24) were found).
The remaining, isotriplet part of (20) yields the following constraint on qia:
∇(iβ qk)a = 0 . (26)
We recognize it as a nonlinear generalization of the well-known hypermultiplet constraint [16]
D(iβ qk)a = 0 . (27)
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It is known that it reduces the field content of qia(x, θ) to four bosonic and eight fermionic
components
qia(x, θ) ⇒ φia(x) + θαiψaα(x) + x-derivatives , (28)
and simultaneously puts these fields on shell
✷φia(x) = 0 , ∂αβψaβ = 0
(
✷ ≡ ∂αβ∂αβ = 1
2
ǫαβµν∂αβ∂µν , ∂αβ∂
λβ =
1
4
δλα ✷
)
. (29)
Eq. (26) is expected to yield a non-linear generalization of the d = 6 hypermultiplet irreducibil-
ity conditions and equations of motion.
Inspecting how the spontaneously broken nonlinear (super)symmetries (11) - (13) are real-
ized on the components of qia (at the linearized level), we conclude that φia(x) and ψaα(x) are just
Goldstone fields associated with the broken Z-translations and S -supertranslations, while the
Goldstone fields accompanying the spontaneous breakdown of the SO(1, 9)/SO(1, 5)× SO(4)
transformations, ∂αβφ
ia(x), are recognized as the coefficients of the second-order θ monomials
in the θ-expansion of qia(x, θ).
The conclusion is that the only essential Goldstone superfield supporting the partial spon-
taneous breaking of N = 1 D = 10 SUSY down to (1, 0) d = 6 SUSY within the non-linear
realization scheme is the hypermultiplet superfield qia(x, θ). It is subjected to the nonlinear
dynamical constraint (26) and accomodates all the Goldstone fields associated with the spon-
taneosly broken symmetry generators including parameters of the D = 10 Lorentz group coset
SO(1, 9)/SO(1, 5)× SO(4).
Note that the kinematical eq. (24) and the dynamical eq. (26) are separately covariant
with respect to hidden symmetries. This reflects the fact that they can be re-obtained from
equating to zero, respectively, the separately covariant isosinglet and isotriplet parts of the
full covariant spinor derivative ∆kνq
ia. This derivative (together with the full covariant vector
derivative ∆µνq
ia) is defined by the standard relation
ΩiaZ ≡ ΩµνP (∆µνqia) + Ω µQ k (∆kµqia) . (30)
Putting to zero the singlet part has the standard inverse Higgs motivation as the condition of
the covariant elimination of the Goldstone spinor superfield Ψaβ in favour of q
ia. However, the
same requirement for the triplet part (which produces the reduction of the field content of qia
and simultaneously yields the dynamics) has no such a clear interpretation. It is not implied
by the formalism of non-linear realizations, and should be regarded as a kind of dynamical
postulate. In the superembedding approach to superbranes (initiated in [21], [22]) a similar
postulate is known as the ”geometro-dynamical” principle (see [22] and references therein)5. An
interplay between the superembedding approach and the non-linear realizations PBGS approach
is discussed, e.g., in a recent preprint [24]. We will return to this point in the concluding section.
For further discussion it will be convenient to project all the involved quantities on the
SU(2) harmonics u±i, u+iu−i = 1 [14]
θαi ⇒ θ±α = θαiu±i , Diα ⇒ D±α = Diαu±i , {D+α , D−β } = −∂αβ , qia ⇒ q±a = qiau±i . (31)
5It is worth noting that in one of the first papers where this postulate was introduced and exploited [23] it
was regarded as a sort of inverse Higgs effect.
8
Then eqs. (26), (24) can be written in the following concise form
∇+α q+a = 0 , (32)
Ψaβ = −∇−β q+a = ∇+β q−a . (33)
The covariant derivatives ∇± satisfy the following algebra
{∇+α ,∇−β } ≡ −∇αβ = −F ρλαβ ∂ρλ , (34)
{∇+α ,∇+β } ≡ −∇++αβ = −F++ρλαβ ∂ρλ , (35)
F ρλαβ = (E
−1)ρλωσ
[
1
2
(δωαδ
σ
β − δσαδωβ ) + ǫωσγτ (∇+αΨdγ) (∇−βΨd τ )
]
, (36)
F++ ρλαβ = (E
−1)ρλωσǫ
ωσγτ (∇+αΨdγ) (∇+βΨd τ ) . (37)
The remaining anticommutator {∇−α ,∇−β } follows from (35), (37) via the replacement of indices
+→ −.
We observe that the derivative ∇αβ, alongside with the SU(2) singlet part, which starts
with ∂αβ and is antisymmetric in spinor indices, contains also a non-standard tripet part which
starts with a three-linear term and is symmetric in indices α, β. Just this second part appears
in the r.h.s. of the anticommutator (35). This last property, at first sight, seems to obscure the
consistency of the dynamical constraint (32) since it leads to the integrability condition
∇++αβ q+a = 0 , (38)
which could be too strong. E.g., it could imply qia to be constant. However, we have checked
that, up to seventh order in qia, this condition is satisfied identically as a consequence of the
structure of ∇++αβ . Though we are still unable to prove this property in general, in what follows
we take for granted that (38) produces no new dynamical restrictions on the superfield qia (or
q+a).
Using the algebra (34) - (37) and eqs. (32), (33) it is easy to find
∇+αΨaβ = −∇αβq+a , ∇−αΨaβ = −∇βαq−a . (39)
From the structure of covariant derivatives one immediately concludes that all superfields ob-
tained by successive action of ∇±α on Ψaβ are reduced to ordinary x-derivatives of qia and Ψaβ ,
i.e. these two superfield projections indeed exhaust the irreducible field content of qia(x, θ).
In the standard free hypermultiplet case an analog of the constraint (32) reads (cf. (27))
D+β q+a = 0 . (40)
Hitting it by three appropriate D’s and using their anticommutator algebra, one gets
D+ρ D−γ D−ν D+β q+a = 0 ⇔ (∂ργ∂νβ − ∂γβ∂ρν + ∂ρβ∂γν) q+a = 0 ⇔ ✷ q+a = 0 , (41)
i.e. (40) puts q+a on shell, in accord with the said earlier. To find equations of motion in the full
nonlinear case, one can proceed in a similar way, replacing D± by ∇± in (41). Because of the
essential nonlinearity of the algebra (34) - (37), the analog of eq. (41) looks rather complicated,
but it is simplified in the bosonic limit, when all fermionic components are omitted
(∇βν∇ργ +∇νγ∇ρβ −∇βγ∇ρν) q+a − {∇+ρ , [∇−γ ,∇βν ]}q+a + {∇+ρ , [∇+β ,∇νγ]}q−a = 0 . (42)
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Note that the arrangement of indices in (42) is important, as the covariant vector derivatives do
not commute with themselves and with ∇±α . Besides, as we already mentioned, they contain the
parts both symmetric and antisymmetric in the spinor indices. To see, what kind of dynamics is
hidden in (42), we considered it up to the first non-trivial order in fields, the third order. Even
in this lowest order the calculations are rather tiresome though straightforward. We found that
it amounts to the following equation for φia(x) ≡ qia(x, θ)|θ=0
✷φia +
1
2
∂ρλ∂µνφia (∂µνφ · ∂ρλφ) = 0 , (43)
where we omitted three-linear terms containing ✷ as they contribute to the next, 5th order,
and used the notation A · B ≡ AiaBia. All other terms which are present in (42) in this order
and have more complicated SU(2) representation content have been found either to identically
vanish or to contain terms ∼ ✷φkb.
Looking at (43), one observes that this equation just corresponds to the ”static gauge” form
of the standard bosonic 5-brane Nambu-Goto action with the induced metric
gρλ µν =
1
2
(ǫρλµν − ∂ρλφ · ∂µνφ) ≡ 1
2
(ǫρλµν − dρλ µν) , (44)
that is
SNG = const
∫
d6x
(√
−det g − 1
)
∼
∫
d6x
{
Tr d− 1
8
(Tr d)2 +
1
4
Tr d 4 +O(φ 6)
}
. (45)
Though it still remains to prove that the higher-order corrections are combined into this
nice geometric form, the above consideration suggests that this is very plausible. Then eq. (32)
should be interpreted as a manifestly (1, 0) d = 6 world-volume superymmetric PBGS form of
the equations of the type I super 5-brane in D = 10. So the non-linear realization description
of the partial breaking of N = 1 D = 10 SUSY down to (1, 0) d = 6 SUSY admits the natural
brane interpretation, much in line of the previous studies [6] - [7], [24].
Note that all the relations presented so far admit simple dimensional reduction to the d = 5
and further d = 4 , ..., 1 worldvolumes by neglecting dependence on the corresponding worldvol-
ume coordinates. Without entering into details, one gets in this way manifestly worldvolume
supersymmetric superfield equations describing super 4-brane in D = 9, super 3-brane in D = 8
and so on, up to a superparticle in D = 5. In all these cases 8 supersymmetries are realized
linearly in the relevant worldvolume superspaces, while the remaining 8 are realized nonlinearly.
6. Brane extension of the off-shell q+ action? In the case of ordinary hypermultiplet it is
well-known that just because the irreducibility constraint (27) implies equations of motion, no
off-shell superfield action exists for the hypermultiplet in ordinary (1, 0) d = 6 (N = 2 d = 4)
superspace. However, the off-shell description becomes possible in the harmonic superspace
[14]. There, eq. (27) in the form (40) is interpreted as the analyticity condition implying
that q+a naturally ”lives” on some analytic subspace ζ
M = {xαβA , θ+γ, u±i } of the full harmonic
(1, 0) d = 6 superspace, i.e. q+a ⇒ q+a (ζ). On the other hand, the homogeneity of q+ in (31)
in harmonics u+i now follows from the equation of motion derived by the analytic q
+ superfield
action
Sq =
1
2
∫
dζ (−4)q+aD++q+a . dζ (−4) ≡ d6xAd4θ+[du] . (46)
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Here D++ is the analyticity-preserving harmonic derivative in the analytic basis of the harmonic
d = 6 superspace
D++ = ∂++ − 1
2
θ+αθ+β∂αβ , (∂
++ = u+i
∂
∂u−i
) . (47)
The free q+ action admits addition of self-interactions which produce, in the generic case, a
general hyper-Ka¨hler sigma model in the bosonic sector (with a four-dimensional target in the
case of one hypermultiplet). Most characteristic feature of the free off-shell action (46) and its
sigma model generalizations is the presence of infinite sets of auxiliary fields.
One can wonder whether a brane generalization of eq. (40), i.e. eq. (32), also admits an
interpretation as the analyticity condition and whether a brane extension of the action (46)
exists. By the brane extension we understand the action such that the associated equations of
motion together with the analyticity conditions amount to the basic dynamical constraint (32).
The fact that the consistency condition (38) is satisfied (at least up to seventh order, as
we have checked) implies that (32) indeed can be interpreted as a sort of Cauchy-Riemann
conditions defining a non-linear Grassmann harmonic analyticity for q+a . Then, by analogy with
the standard hypertmultiplet case, this analyticity can be made manifest by passing to a new
basis in (1, 0) d = 6 harmonic superspace where ∇+α becomes ”short” on q+a , i.e. proportional
to the partial derivative ∂/∂θ−α. Clearly, the relevant change of coordinates should be highly
nonlinear in qia and its derivatives (analogously to the relation between non-linear and manifest
N = 1 chiralities in the case of the partial breaking N = 2 to N = 1 [6]). Unfortunately, for
the time being we do not know how to construct such nonlinear ”bridges” within the nonlinear
realization formalism. One way is, of course, to find them ”by brute force”, order by order in
fields. But it seems there exists another way around.
Namely, let us for a moment forget about eq. (32) and deal with the manifestly analytic
superfield q+a (ζ) having the free action (46). In the bosonic sector, after eliminating an infinite
tower of auxiliary fields, it yields the free action for the physical bosons via(x) (q+a = via(x)u+i
+ ...)
Sq ⇒ 1
2
∫
d 6x (∂v · ∂v) . (48)
Assume that one succeeded in constructing a generalization of (46), such that in the bosonic
sector it yields the 5-brane Nambu-Goto extension of (48) in the form (45). Then this exten-
sion can naturally be expected to provide the analytic basis description of the above ”brane”
hypermultiplet and to be the correct Goldstone superfield action for the considered PBGS pat-
tern. All symmetries (10) - (13) found in the central basis are expected to have their analytic
basis counterparts which play the decisive role in fixing the precise structure of the ”brane” q+
action.
It is remarkable that the first simplest correction to (46) which adds quadrilinear terms to
the free bosonic action (48) arrange these terms just in the way required by the Nambu-Goto
action!
This correction is almost uniquely fixed by the dimensionality considerations and the preser-
vation of the harmonic U(1) charge
Sq ⇒ Sq + α
4
∫
d6xAd
8θ[du] (q+aD−−q+a )2 . (49)
In the second term integration goes over the whole (1, 0) d = 6 harmonic superspace, α is a
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dimensionless parameter and
D−− = ∂−− − 1
2
θ−αθ−β∂αβ + θ
−α ∂
∂θ+α
. (50)
Passing to components and eliminating auxiliary fields (they do not become propagating as
one could anticipate) yield in the fourth order in via(x) a few terms of the fourth order in x
derivatives 6. At first sight, these terms have nothing in common with (45): some of them
involve a few derivatives on a single via(x), in such a way that they cannot be distributed as in
(45) by integrating by parts.
Surprisingly, these unwanted terms prove to be removable by means of appropriate non-
linear redefinition of via(x): they are cancelled by similar terms coming from the free part of
the action, i.e. (48). This change of variable in the considered order in fields is uniquely fixed
by requiring such a cancellation:
via = φia +
α
3
{
[(✷φ · φ)− (∂φ · ∂φ)]φia − 1
4
(φ)2 ✷φia +
1
2
(φ · ∂µνφ) ∂µνφia
}
+O(φ5) . (51)
Finally, the bosonic part of the action (49), up to the fourth order in fields, acquires the
following form
Sb =
1
2
∫
d6x
{
(∂φ · ∂φ) + 3α
4
[
(∂µνφ · ∂ρλφ)(∂ρλφ · ∂µνφ)− 1
2
(∂φ · ∂φ)2 +O(φ 6)
]}
. (52)
It precisely coincides with (45) under the choice
α =
1
3
.
This consideration strongly suggests the existence of the whole ”brane” q+ action yielding
the full Nambu-Goto action (45) in the bosonic sector. Then the field redefinition (51) shows
first terms in the bosonic part of the change of variables from the central basis in the harmonic
(1, 0) d = 6 superspace, where the hypermultiplet is described by the superfield q+a(Z, u) =
qia(Z)u+i subjected to the dynamical constraint (32), to the analytic basis where the same
hypermultiplet is represented by the manifestly analytic superfield q+a (ζ) possessing highly
nonlinear action the first terms of which are given by (49). Such an action, at least for the
given particular case, could provide a viable alternative to the standard GS-type Lagrangian
description of superbranes [25]. It should be a natural generalization of the Goldstone chiral
superfields action of ref. [6]. It is worth mentioning that possible existence of such an off-
shell brane action for hypermultiplet was anticipated in [11] based upon the superembedding
considerations.
It is still unclear how to find out the analytic basis form of the nonlinear coset transfor-
mations (10) - (13) which should constitute the underlying symmetries of this hypothetical
action. As eq. (51) shows, even the R1,9/R1,5 translations qia(Z)→ qia(Z)+ cia should contain
6We normalize the Grassmann integrals over analytic and full superspaces in the following way∫
d4θ+(θ+)4 =
∫
d4θ+d4θ−(θ+)4(θ−)4 = 1 , (θ±)4 ≡ 1
4!
ǫαβγλθ
±αθ±βθ±γθ±λ .
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non-linear terms when realized on q+a(ζ) (this transformation of q+a starts with the well-known
isometry of the free q+ action (46) q+a → q+a+ ciau+i ). Good guiding principle in searching for
the full brane q+ action is the preservation of manifest invariance under both linearly realized
mutually commuting SU(2) groups, the harmonic one which is realized as the standard auto-
morphism group of (1, 0) d = 6 SUSY and the ”Pauli-Gu¨rsey” one which acts on the index a
of q+a(ζ). It is funny that this last symmetry playing an important role in the harmonic su-
perspace approach comes out in the present framework as a part of the D = 10 Lorentz group
SO(1, 9), on equal footing with the harmonic SU(2) and the d = 6 Lorentz group SO(1, 5).
Another severe restriction is provided by the dimensionality considerations which require
the second Lagrangian density in (49) and any further corrections to it to be of dimension −4 (in
mass units). This implies, in particular, that the next, sixth-order term (if it is needed) should
contain the appropriate number of x or spinor derivatives on q’s (the geometric dimension of
q+a is −1). Of course, all such correction terms should have zero harmonic U(1) charge.
Finally, we note that the second term in (49) can be rewritten as an integral over the analytic
superspace with the Lagrangian density
∼ (q+a∂αβq+a )(q+b∂αβq+b ) .
This term can be regarded as the appearance of some composite analytic vector vielbein
H++[α,β] ∼ q+a∂αβq+a in the analytic derivative D++. This could be an indication that the
full brane q+ action is representable as a kind of the q+ action in the background of (1, 0) d = 6
supergravity [26, 20], with some composite superfield vielbeins built out of q+a. Though it is
unlikely that the next correction terms would admit such a simple representation in the analytic
superspace.
In principle, the simple action (49) has a chance to be the sought brane q+ action without
any further correction terms. This potential possibility is related to the fact that the full
physical bosonic part of (49) is non-polynomial in x-derivatives of via and so can contain the
whole Nambu-Goto action (this on-shell non-polynomiality emerges from solving the auxiliary
fields equations, like, e.g., in the well-known Taub-NUT example [27]). Such an opportunity
would be of course very surprizing.
7. Concluding remarks. One of the most intriguing and urgent problems for the future
study is the construction of the full 5-brane extension of the free analytic q+ action (46). Once
such an action is known, one can pose the question as to what could be brane extensions of non-
trivial q+ actions with hyper-Ka¨hler sigma models in the bosonic sector. The brane version of
(46) (if existing) should describe, in the bosonic sector, the 5-brane with transverse coordinates
qia(x) parametrizing a flat target manifold R4 (this amounts to the splitting R1,9 → R1,5⊗R4).
Then an analogous extension of the action of self-interacting q+ is expected to give the static
gauge action of 5-brane evolving on some curved D = 10 manifold ∼ R1,5 ⊗ H4, H4 being a
hyper-Ka¨hler manifold.
It is interesting to see whether other known (1, 0) d = 6 supermultiplets can play a role of
Goldstone ones supporting a partial spontaneous breaking of higher SUSY. Let us examine,
e.g., abelian gauge vector multiplet [17]. The fundamental object of (1, 0) d = 6 gauge theory
is the analytic harmonic prepotential V ++(ζ) [14, 18, 19] which in the WZ gauge collects the
components of vector multiplet in the following suggestive way
V ++ = θ+µθ+νA[µν](x) + θ
+µθ+νθ+ρǫµνρλψ
λi(x)u−i + (θ
+)4D(ik)(x)u−i u
−
k . (53)
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One sees that the physical fermionic field in this multiplet has the same chirality as θλi , in
contrast to the physical fermion in qia(x, θ) which has the opposite chirality. Thus, if we wish
to utilize the d = 6 vector multiplet as a Goldstone one describing partial breaking of some
higher SUSY, the spontaneously broken and unbroken spinor generators of the latter should
have the same chirality. In other words, this multiplet is suitable to represent the partial
supersymmetry breaking (2, 0) d = 6→ (1, 0) d = 6. In this notation, the breaking associated
with qia(x, θ) as the Goldstone multiplet corresponds to the pattern (1, 1) d = 6→ (1, 0) d = 6.
By analogy with the results of [7], one can expect that the theory of the vector Goldstone d = 6
multiplet is manifestly (1, 0) supersymmetric d = 6 Born-Infeld theory with hidden nonlinearly
realized (2, 0) SUSY. In the brane language, such a theory should correspond to D5-superbrane.
After reduction to d = 4 the relevant action should produce N = 2 d = 4 Born-Infeld action
with hidden N = 4 SUSY 7.
One more possible candidate for the Goldstone multiplet is the d = 6 self-dual tensor
multiplet with the following on-shell content [29, 20]
σ(x) , Bαβ (x) (B
α
β = 0) , ψαi . (54)
It is capable to support the breakdown of some kind of (1, 1) d = 6 SUSY down to (1, 0) d = 6,
like the Goldstone hypermultiplet. It is known to be associated with the PBGS pattern N =
1 D = 7 → (1, 0) d = 6 [22, 24].
Some additional possibilities arise upon the reduction to d = 5 and d = 4.
It is also interesting to study other versions of partial spontaneous breaking of N = 1 D =
10 SUSY within this framework. If we limit our attention to the 1/2 breaking, a simple
analysis shows that only one self-consistent option is possible, besides the one considered here.
It corresponds to breaking N = 1 D = 10 SUSY down to (8, 0) (or, equivalently, (0, 8))
d = 2 SUSY. From the brane standpoint, it should provide (8, 0) d = 2 worldsheet superfield
PBGS description of the heterotic N = 1 D = 10 superstring in a flat background. All other
possible 1/2 SUSY breaking patterns can be ruled out on the physical grounds: in all of them
some unbroken supersymmetry generators yield in their anticommutator broken translation
generators, that is in conflict with the interpretation of these spinor charges as belonging to the
vacuum stability subgroup. It is curious that such simple algebraic PBGS reasonings distinguish
just two self-consistent BPS N = 1 D = 10 super p-branes, viz., super 5-brane and superstring.
As one more remark, it is noteworthy that the superfield PBGS approach can be successfully
extended to the most interesting case of N = 1 D = 11 (Type IIA N = 2 D = 10) SUSY. The
(1, 0) d = 6 Goldstone superfield framework is well adapted for decription of the 1/4 partial
breaking of this SUSY down to (1, 0) d = 6 (or (0, 1) d = 6) SUSY. It turns out that in this
case the set of fundamental unremovable Goldstone superfelds is reducible:, besides qia(x, θ) it
includes two more superfields. These are a bosonic scalar superfield Φ(x, θ) (it parametrizes
spontaneously broken 11th direction in R1,10) and a fermionic one ξaρ(x, θ) (it is associated with
one of two extra spontaneously broken d = 6 supercharges present in D = 11 SUSY algebra in
the d = 6 notation). The dynamical and irreducibility constraints on these superfields following
from the D = 11 SUSY counterparts of the basic covariant constraint (18), as well as the brane
interpretation of the emerging system will be presented elsewhere.
Finally, we wish to point out that it is desirable to further clarify the relationship between
7An N = 2 superfield extension of Born-Infeld action has been recently constructed in [28].
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the PBGS and superembedding approaches 8. It seems that the appropriate PBGS description
exists for most of superbranes and it corresponds to choosing the static gauge with respect to
local symmetries in the GS formulation, including κ-symmetry. It is a rather difficult task to
find such symmetries and to prove, e.g., invariance of the relevant GS-type actions under them.
At the same time, the PBGS approach deals with a minimal set of worldvolume superfields
accomodating the superbrane physical degrees of freedom and provides a systematic way to
deduce their transformation laws both under manifest and hidden symmetries. In a number
of cases it also gives precise recipes or, at least, hints of how to construct the relevant man-
ifestly worldvolume supersymmetric off-shell actions. In this sense it should be regarded as
complementary to the superembedding approach. On the other hand, the power of the latter
consists, in particular, in providing a possibility to classify all possible physical worldvolume
supermultiplets related to various superbranes and to learn whether they are on- or off-shell as a
result of imposing some basic constraints on the relevant superfields. Actually, all the minimal
Goldstone supermultiplets appearing in the PBGS constructions known so far are in the list
of physical superbrane worldvolume multiplets obtained by the linearized level analysis of the
superembedding equations in [22]. In particular, for the N = 1 D = 10 Type I super 5-brane
it picks out the hypermultiplet as such a physical multiplet and predicts it to be on-shell in a
precise correspondence with our PBGS analysis.
Acknowledgements. We thank F. Delduc, R. Kallosh, S. Ketov, O. Lechtenfeld, A. Pashnev,
M. Tonin, M. Vasiliev and, especially, D. Sorokin for their interest in the work and illuminating
discussions. E.I. is grateful to Organizers of Conferences in Dubna and Buckow for giving him a
possibility to present this talk. He also thanks O. Lechtenfeld for the hospitality at the Institute
of Theoretical Physics in Hannover where this work was finalized. This research was supported
in part by the Fondo Affari Internazionali Convenzione Particellare INFN-Dubna. The work
of E.I. and S.K. was partly supported by grants RFBR 96-02-17634, RFBR-DFG 96-0200180,
INTAS-93-127ext, INTAS-96-0538 and INTAS-96-0308.
References
[1] S. Coleman, J. Wess, B. Zumino, Phys. Rev. 177 (1969) 2239;
C. Callan, S. Coleman, J. Wess, B. Zumino, Phys. Rev. 177 (1969) 2247
[2] D. V. Volkov, Sov. J. Part. Nucl. 4 (1973) 3
[3] V.I. Ogievetsky, Proceedings of X-th Winter School of Theoretical Physics in Karpacz,
Vol.1. p. 227 (Wroclaw, 1974)
[4] D.V. Volkov, V.P. Akulov, Phys. Lett. B 46 (1973) 109
[5] J. Bagger, J. Wess, Phys. Lett. B 138 (1984) 105
[6] J. Bagger, A. Galperin, Phys. Lett. B 336 (1994) 25
[7] J. Bagger, A. Galperin, Phys. Rev. D 55 (1997) 1091
8Some aspects of interplay between these two approaches are touched upon in one or another way in recent
papers [30] - [32].
15
[8] J. Bagger, A. Galperin, Phys. Lett.B 412 (1997) 296;
M. Roc˘ek, A. Tseytlin. Stony Brook preprint, to appear
[9] E.A. Ivanov, V.I. Ogievetsky, Teor. Mat. Fiz. 25 (1975) 164
[10] J. Hughes, J. Liu, J. Polchinski, Phys. Lett. B 180 (1986) 370
[11] J. Hughes, J. Polchinski, Nucl. Phys. B 278 (1986) 147
[12] A. Achucarro, J. Gauntlett, K. Itoh, P.K. Townsend, Nucl. Phys. B 314 (1989) 129
[13] E.A. Ivanov, A.A. Kapustnikov, Phys. Lett. B 252 (1990) 21; B 267 (1991) 541 (E)
[14] A. Galperin, E. Ivanov, S. Kalitzin, V. Ogievetsky, E. Sokatchev, Class. Quant. Grav. 1
(1984) 469
[15] E. Kiritsis, C. Kounnas, Nucl. Phys. B 503 (1997) 117
[16] P. Fayet, Nucl. Phys. B 113 (1976) 135;
M.F. Sohnius, Nucl. Phys. B 138 (1978) 109
[17] P.S. Howe, G. Sierra, P.K. Townsend, Nucl. Phys. B 221 (1983) 331
[18] P.S. Howe, K.S. Stelle, P.C. West, Class. Quant. Grav. 2 (1985) 815
[19] B.M. Zupnik, Sov. J. Nucl. Phys. 44 (1986) 512
[20] E. Sokatchev, Class. Quant. Grav. 5 (1988) 1459
[21] I. Bandos, P. Pasti, D. Sorokin, M. Tonin, D. Volkov, Nucl. Phys. B 446 (1995) 79;
I.A. Bandos, D. Sorokin, D. Volkov, Phys. Lett. B 352 (1995) 269
[22] P.S. Howe, E. Sezgin, Phys. Lett. B 390 (1997) 133
[23] D.V. Volkov, A. Zheltukhin, Nucl. Phys. B 335 (1990) 72
[24] T. Adawi, M. Cederwall, U. Gran, M. Holm, B.E.W. Nilsson, ”Superemebddings, Non-
linear Supersymmetry and 5-branes”, Preprint Go¨teborg-ITP-97-15; hep-th/9711203
[25] I. Bandos, K. Lechner, A. Nurmagambetov, P. Pasti, D. Sorokin, M. Tonin, Phys. Rev.
Lett 78 (1997) 4332;
M. Aganagic, J. Park, C. Popescu, J.H. Schwarz, Nucl. Phys. B 496 (1997) 191;
P.S. Howe, O. Raetzel, E. Sezgin, ”On Brane Actions and Superembeddings”, Preprint
KCL-MTH-98-10, CTP TAMU-11/98; hep-th/9804051
[26] A. Galperin, E. Ivanov, V. Ogievetsky, E. Sokatchev, Class. Quant. Grav. 4 (1987) 1255
[27] A. Galperin, E. Ivanov, V. Ogievetsky, E. Sokatchev, Commun. Math. Phys. 103 (1986)
515
[28] S.V. Ketov, ”A manifestly N=2 supersymmetric Born-Infeld action”, Preprint DESY 98-
138, ITP-UH-22/98; hep-th/9809121
16
[29] E. Bergshoeff, E. Sezgin, A. Van Proeyen, Nucl. Phys. B 264 (1986) 653
[30] R. Kallosh, Phys. Rev. D 57 (1998) 3214;
”Volkov-Akulov theory and D-branes”, Preprint SU-ITP-97-26; hep-th/9705118
[31] P. Claus, R. Kallosh, A. Van Proeyen, Nucl. Phys. B 518 (1998) 117
[32] V. Akulov, I. Bandos, W. Kummer, V. Zima, Nucl. Phys. B 527 (1998) 61
17
